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An end incidence photodetector having a light absorbing layer (19), being excellent in matching with other and incidence optical 
devices, positioned easily and accurately, and contributing to reducing the cost of an optical module and an optical transmitter. A marker 
(23) on an optical device (26) is detected easily and the photodetector is positioned accurately by partially removing the light absorbing layer 
v 4^) absorbing the light detected by the photodetector to form a space region and providing at least 100 jim 2 of a marker detecting region 
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SPECIFICATION /12* 

1. Name of this invention 

Semiconductor Photo Detector And Optical Transmitting Device 

2 . Claims 

1. Semiconductor photo detector with the following 
characteristic : 

With a semiconductor photo detector having a light 
absorption layer on the surface parallel to the surface mounted 
onto a substrate, 

a light entered an area having a light permeation ratio 
which is different from the light permeation ratio of said light 
absorption layer is projected in the two-dimensional projection 
area of said semiconductor photo reception element that is 
generated when said semiconductor light reception element is 
reflected in the direction of the mounting surface. 

2. With a semiconductor photo detector having a light 
absorption layer on the surface parallel to the surface mounted 
onto a substrate, 

a region having a light permeation ratio higher than that of 
a light absorption layer is formed at one area of said light 
absorption layer . 
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3. In Claim 2, the light permeation ratio of the area having 
a higher light permeation ratio than that of the light absorption 
layer is 30% or higher to the illumination light illuminated when 
said semiconductor light photo detector is mounted onto said 
substrate . 

4. In Claim 3, the area projected onto said substrate when 
the area having 30% or higher light permeation ratio must be at 
least 100 /urn 2 of an un-shadowed area when a light is irradiated 
onto the substrate surface. 

5. In Claim 3, there are at least two areas having 30% or 
higher light permeation ratio. 

6. In Claim 3, said semiconductor photo detector is an end 
surface incidence type photo detector and contains at least one 
area, where paired such areas are respectively positioned 
corresponding to the right and left of optical axis of light 
reception surface of said end surface photo detector. 

7. Semiconductor photo detector with the following 
characteristic : 

With a semiconductor photo detector having a light 
absorption layer on the surface parallel to the surface mounted 
onto a substrate, 

a light entered an area having a light permeation ratio 
which is different from the light permeation ratio of said light 
absorption layer is projected in the two-dimensional projection 
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area of said semiconductor photo reception element that is 

generated when said semiconductor light reception element is /13 

reflected in the direction of the mounting surface, while an 

image for positional marking mounted on said semiconductor 

element is projected in the area where a light which has passed 

the area having a light permeation ratio which is different from 

the light permeation ratio of said light absorption layer. 

8* In Claim 2 or 7, the area having a light permeation ratio 
different from that of the light absorption layer is an area from 
which the light absorption layer is removed. 

9* In Claim 2 or 7, said positional determination marker is 
formed in an area having a light permeation ratio which is 
different from the light permeation ratio of said light 
absorption layer. 

10. Optical module prepared by optically connecting a 
semiconductor photo detector in Claims 1 - 9 to an optical fiber 
and mounted on the same substrate. 

11. Optical module prepared by optically connecting a 
semiconductor laser, optical fiber, semiconductor photo detector 
in Claims 1-9 connected to at least either the laser or optical 
fiber are mounted on the same substrate. 

12. Optical module in Claim 10 or 11 with the following 
characteristic : 
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The semiconductor photo detector mounted on said substrate 
is made into a package with either a ceramic or resin. 

13. Optical module in Claim 10 or 11 with the following 
characteristic : 

An electric circuit is mounted onto the substrate in 
addition to other parts, and said circuit is made into a package 
with either a ceramic or resin. 

14. Optical transmission device with the following 
characteristic : 

The optical module in Claims 10 - 13 and an electronic 
circuit connected to said module and executes at least optical 
signal transmission or reception process are mounted on the same 
board . 

15. Semiconductor photo detector production method with the 
following characteristic: 

With an end surface incidence type semiconductor photo 714 
detector production process prepared by sequentially laminating 
multiple different thin film containing an optical absorption 
layer on a substrate, 

the process of laminating a thin film after laminating a 
light absorption layer prohibits the thin film growth in a pre- 
determined area corresponding to the location where the end 
surface photo detector is positioned. 
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16. Semiconductor photo detector production method with the 
following characteristic: 

With an end surface incidence type semiconductor photo 
detector production process prepared by sequentially laminating 
multiple different thin film containing an optical absorption 
layer on a substrate, 

the production process includes an etching process for 
removing said optical absorption layer existing in the area pre- 
determined corresponding to the location where the end surface 
photo detector is positioned. 
Technical Field 

This invention pertains to a semiconductor photo detector 
and optical transmitting device. 
Background Of This Invention 

In recent years, in order to expand the data servicing 
network, low cost operation is desired in the optical 
communication field. In order to build an inexpensive optical 
communication system, cost reduction of an optical module that 
converts light signals to/ from electric signals is the key to the 
solution. To achieve this, an optical device that can be highly 
integrated on the same substrate using a simple mounting method 
needs to be utilized. 

Optical device (e.g., semiconductor diode, light modulator, 
and light switch) has usually structured as an end incidence that 
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enters and emits a light in the direction parallel to the 
substrate surface. On the other hand, the semiconductor photo 
detector is a surface light reception type that receives an 
optical signal to the substrate surface in the direction diagonal 
to the substrate surface. Therefore, since the semiconductor 
photo detector of surface light reception type has an incidence 
direction of an optical signal which is different from other 
optical devices, the devices cannot provide complete consistency 
for producing a highly integrated device. 

As an example method that can provide satisfactory 
consistency of those two types of devices, an end surface 
incidence type semiconductor photo detector was developed (refer 
to Patent No. 64-90570). However, due to the design of such end 
surface incidence type semiconductor photo detector, the 
positional relation between the optical emission position from an 
optical device and light reception surface of semiconductor photo 
detector significantly relies on the sensitivity of light 
reception element. Therefore, a passive type alignment requires 
a technique that precisely measures the position of end surface 
incidence type semiconductor photo detector on an optical device. 

With the above conventional techniques, when mounting an end 
surface incidence type photo detector onto an optical device, a 
marker is formed on both the optical device side of photo 
detector and optical device, and by detecting the marked 
locations using a light that can pass both of them (e.g., 



frequency of near 1.3 >um) , the position of photo detector on the 
optical device is determined. 

However, for a photo detector receiving approximately 1.3 - 
1.6 fjm which is commonly used for optical communication, a light 
near 1.3 ^um is absorbed by the light reception layer. Therefore, 
it is difficult to detect the marked location for positioning. 

The purpose of this invention is to provide a semiconductor 
photlli&letector and its production method that can provide a low 

ost optical module or photo-transmission device containing a 
semiconductor photo detector of this invention as a signal 
reception element or semiconductor laser monitor element. 
Method To Solve The Problems 

To achieve the purpose as described above, this invention 
provides the following semiconductor photo detector: 

With a semiconductor photo detector having a light 
absorption layer on the surface parallel to the surface mounted 
onto a substrate, a light entered an area having a light 
permeation ratio which is different from the light permeation 
ratio of said light absorption layer is projected in the two- 
dimensional projection area of said semiconductor photo reception 
element that is generated when said semiconductor light reception 
element is reflected in the direction of the mounting surface. 

Furthermore, with a semiconductor photo detector having a 
light absorption layer on the surface parallel to the surface 
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mounted onto a substrate, the light absorption layer at the 
location facing against an area functioning as positional setting 
area formed at least on the substrate is removed from said 
substrate and semiconductor photo detector. /3 

The following explains a practical example. As shown in 
Fig. 1, with a semiconductor photo detector having a light 
absorption layer on the surface existing between an upper second 
core layer 18 and lower second core layer 20 as well as upper 
clad layer 17 and lower clad layer 21, the photo detector 
contains a marker detection space area (positional determination 
area) 24 for measuring the marker 23 for determining the position 
on an optical device to which an end surface incidence photo 
detector is mounted. In the figure, the area where a signal 
light 11 and light absorption layer 19 contact with each other is 
the light reception area of said end surface incidence type photo 
detector . 

With an end surface incidence photo detector based on this 
invention shown in Fig. 4, the crystal layer growth location is 
selected using a mask when forming a light absorption layer 19, 
and the light absorption layer 19 at a location facing against a 
position setting marker on the optical device is removed (not 
formed) so as to create a space area 24 for detecting a marker 
23. The light permeation ratio of irradiation light 
(hereinafter, the term ''detection light" is used) irradiated for 
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detecting the positional setting marker 23 through the marker 
detection space area 24 exceeds 30% of the detection light 
irradiated onto an end surface incidence photo detector. 

With the photo detector based on this invention, an amount 
of the positional detection light irradiated from below absorbed 
by the light absorption layer 19 is significantly smaller than 
the case having the light absorption layer 19. Therefore, as the 
marker 23 on an optical device shaded by the end surface 
incidence photo detector can be easily observed through the end 
face incidence photo detector, the production yield can be 
improved . 

Furthermore, since the invention can improve the mounting 
preciseness on the optical module substrate 26, the light 
reception efficiency can be improved. Therefore, the photo 
detector 31 based on this invention can be formed without using 
an optical lens and created onto a substrate 37 having a V-shaped 
groove for fixing an optical fiber (see Figs. 7 and 8) as a 
monitor element of a signal reception element or monitor 
element for a semiconductor laser 41. 

Also, as shown in Fig. 9, the photo detector 55 based on 
this invention for signal reception can be integrated on a 
substrate 54 having a V-shaped groove and containing an optical 
fiber 52 for signal light incidence using a passive alignment 
method, and a pre-amplif ier IC 56 may be mounted, or packaged 
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with a base 53 and cap 51 made of ceramic or resin. The base 53 
and cap 51 may be replaced with a transfer mold made of a resin. 

Furthermore, it can be an optical transmission module using 
the photo detector of the invention for semiconductor laser 
monitoring or optical signal transmission module having the photo 
detectors of the invention on the same substrate as a signal 
reception and semiconductor laser monitoring device. 

Also, as shown in Fig. 10, an optical module 64 with an 
fiber optic 63 containing the photo detector of the invention and 
electronic circuit (e.g., signal reception IC 61) may be mounted 
on the same board and used a signal transmission/reception device 
of an optical transmission system. 

In addition, with a production method of end surface 
incidence type semiconductor photo detector prepared by 
sequentially laminating several thin films including a light 
absorption layer on a substrate, when laminating thin film layers 
after laminating the light absorption layer, an etching process 
is included in order to prohibit the thin film growth in a 
predetermined area corresponding to the location used for 
positioning the photo detector or to remove the light absorption 
layer existing in the predetermined area corresponding to the 
location for positioning the photo detector. 
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Simple Explanation Of The Figur s 

Figure 1 is a cross-sectional diagram of an end surface 
incidence photo detector in Operational example 1. Figures 2-3 
are luminance distribution maps of the photo detector in 
Operational example 1. Figures 4-6 are cross-sectional 
diagrams of an end surface incidence photo detector used in 
Operational example 1. Figure 7 is a diagram of an entire v 
structure of the device used in the second operational example. 
Figure 8 is a diagram of an entire structure of the device used 
in the third operational example. Figure 9 is a diagram of an 
entire structure of the device used in the fourth operational 
example. Figure 10 is a diagram of an entire structure of the 
device used in the fifth operational example. Figure 11 is a 
cross-sectional diagram of an end surface incidence photo 
detector used in the first operational example. 
Most Suitable Configuration Of The Invention 

The following explains the operational examples of the 
device containing a light reception element and a device equipped 
with a light reception element. 
[Operational example 1] 

Figure 1 shows the cross-sectional diagram of a device 
containing an InGaAlAs type compound semiconductor. 

The semiconductor photo detector in this example is prepared 
by sequentially laminating the following materials on a p-InP 
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substrate using a molecular beam epitaxial (MBE) method: 

An n-InllAs upper part clad layer 17 (1.0 //m) , n-InGaAlAs 
upper second core layer 18 (1*5 /uxa) , un-doped InGaAlAs light 
absorption layer 19 (1.5 //m) , p-InAiAs lower second core layer 20 
(1.5 /urn) , p-InAlAs lower second core layer 21 (0.5 /zm) , n-InGaAs 
contact layer 15" (0.2 fxm) . 

Furthermore, the semiconductor photo detector in this 
example contains a p-type electrode 22 placed next to an n-InGaAs 
contact layer 15' , solder layer 26 for connecting the optical 
device 26 on which said photo detector is mounted on, contact 
layer 15 laminated on the upper area of p-InP substrate 16 as 
shown in the figure, SiN insulation film 14, and n-type 
electrode 13. 

In this example, the un-doped InGaAlAs light absorption 
layer 19 is irradiated from downward in Fig. 1 when positioning, 
passes the p-InP substrate 16, and absorbs the detection light 
having a frequency of near 1.3 yum. 

Therefore, in order to detect the marker 23 at the optical 
module substrate 26 to which the photo detector is to be mounted, 
when laminating an un-doped InGaAlAs light absorption layer 19, 
p-InGaAlAs lower second core layer 20, and p-InAlAs lower clad 
layer 21, a crystal growth process is performed so that a space 
area (position setting area) 24 not containing the un-doped 
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InGaAlAs light absorption layer 19 can be formed so as to detect 
the marker 23 at the substrate side. Note that the same 
structure can be formed by removing the layer using an etching 
after each layer is laminated on the semiconductor photo 
detector . 

That is, creating the space area (hereinafter, the term 
"marker detection area" is used) from which the un-doped InGaAlAs 
light absorption layer 19 is removed for detecting the positional 
setting maker, which is the characteristic of this invention, 
does not require any additional process, and can be accomplished 
by slightly changing the mask shape of the conventional method 
for forming a marker detection area. 

The size of marker detection area 24 is determined 
corresponding to the mounting accuracy and decomposition capacity 
of image device used to detect the maker 23. For example, if the 
mounting accuracy of a semiconductor photo detector to a signal 
light 11 is ±1 fum, the measurement accuracy must be at least ±0.1 
jum. The marker detection area 24 for assuring the accuracy must 
be at least 10 fxm (100 fuxv?) per side for providing a specific 
accuracy when measuring the boundary surface or center of gravity 
using a 1 fxm resolution camera. 

Also, when metallized layers 13, 25 not passing the 
detection light to the semiconductor photo detector exist, there 
must be at least 100 fjm 2 of an un-shadowed area when viewed the 
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marker detection area 24 from upward direction. 

The marker 23 is measured according to the light quantity- 
gap of the detection light irradiated to a light blocking area 
and the edge of light-passing area for determining the position. 
However, as the light entered to the light-passing area does not 
completely pass through the area, the amount of light coming out 
from the area lessens. In this case, when the light contrast 
value is completely passes the area is 100%, the illumination 
distribution of the light with 30% of contrast becomes as shown 
in Fig . 2 . 

To specify the edge of bright and dark areas of an optical 
image obtained by the detection light, the tilting of 
illumination distribution at the edge area (dependent on the 
contrast) and noise on the brightness must be considered. For 
example, in the case of a camera used to measure the area near 
infrared ray which is commonly used for positional setting in the 
related field of this invention, the noise on the image signal is 
approximately 5%. Therefore, the required preciseness cannot be 
provided unless the illumination distribution has a greater 
tilting within the targeted measurement accuracy. 

When the illumination distribution obtained by varying the 
contrast from 20% to 100% is plotted in a graph (horizontal axis 
= position; vertical axis = brightness), the chart shown in Fig. 
3 is formed. When the measurement preciseness required for 
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position determination is set to ±0.1 /urn from those brightness 
distribution, the contrast required in this example become 30% or 
greater . 

Figure 4 shows an example of cross-sectional structure which 
contains the marker detection area 24 in Fig. 1 and is diagonal 
to the signal light 11. In this example, two locations of marker 
detection areas 24 are respectively formed at the right and left 
of the optical axis of the signal light 11 (see Fig. 1) entering 
from the end surface of the semiconductor photo detector. This 
is because, when there is only one marker detection area 24, 
detecting the angle within the horizontal surface of the 
semiconductor photo detector becomes difficult. As shown in the 
example, by forming more than two marker detection areas 24 in 
the semiconductor photo detector, the angle within a horizontal 
surface can be more easily detected. 

Figure 5 shows another structural example of semiconductor 
photo detector related to this example. The figure shows a 
cross-sectional diagram when the entering signal light is 
diagonally cut and observed. 

In this example, while maintaining the relative accuracies 
Wa, Wb to the light reception area 27, the space area from which 
the absorption layer 19 is cut off is itself used as a position 
determination marker for the semiconductor photo detector. 
Normally, Wa and Wb are set to the same length. The reason for 
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setting two accuracies Wa, Wb is to absorb errors (e.g., marker 
size swelling due to optical aberration at the time of 
measurement or circling/entering light gap at the time of 
exposure) that only occurs when only one marker is formed, and 
the position is determined solely based on the distance from that 
marker . 

By forming two marker detection areas 24 by utilizing the 
relative accuracies Wa, Wb, and by detecting the boundary areas 
of the light absorption layer 19 and marker detection area 24, 
the position of semiconductor photo detector can be highly 
precisely measured. 

Also, as shown in Fig. 6, when the position is determined, 
markers 23 for the optical module substrate 26 may be created to 
be placed within the marker detection areas 24 assuring the 
relative accuracies shown in Fig. 5. With this configuration, 
the marker detection areas 24 and markers 23 can be both 
simultaneously and accurately observed, thereby allowing highly 
accurate positioning. 

As shown in Fig. 11, a photo detector side marker 28 may be 
formed in each of paired marker detection areas 24 formed by 
semiconductor photo detectors so that each light reception 
element side marker 28 and the corresponding substrate side 
marker 23 can satisfy the predetermined relative positional 
relation. 
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[Operational example 2] 

Figure 7 is a diagram showing the configuration of one 
operational example of an optical module using an end surface 
incidence type photo detector of the invention. 

In this example, the photo detector 31 of the invention is 
mounted over an insulation film 34 and V-groove substrate 37 
having an electric wire 32 using a passive alignment method to 
form a flip chip. An n-type and p-type electrodes are 
respectively formed on each side of photo def eater 31, and AuSn 
is used to connect the photo detector 31 and electric wire 32. 

In this example, a marker detection area 24 prepared by 
eliminating the light absorption layer 19 is formed at the right 
and left of the right reception surface of the photo detector 31, 
and at the same time, a pair of markers 23 for a V-groove 
substrate 37 are formed so that substrate 37 can be positioned in 
each area of marker detection area 24 when the locations of photo 
detectors 31 are determined. 

With this configuration, the locations of the photo detector 
31 and V-groove substrate 37 can be highly precisely measured, 
thereby allowing highly accurate positioning of both devices. 

In this example, the detection accuracy of both devices 
becomes within ±0.1 /-on, and mounting accuracy was suppressed to 
within ±0.1 /urn. Also, the light reception sensitivity of the 
photo detector 31 to 1.3 fuxa of light was quite high (0.85 A/W) . 
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[Operational example 3] 

Figure 8 is a diagram showing the configuration of another 
operational example of an optical module using an end surface 
incidence type photo detector of the invention. 

In this example, a semiconductor laser 41 and photo detector 
31 of the invention are mounted over an insulation film 34, 
monitoring light reception element electric wire 32, and V-groove 
substrate 37 having a semiconductor laser electric wire 42 using 
a passive alignment method to form a flip chip. An n-type and p- 
type electrodes are respectively formed on each side of photo 
detector 31, and AuSn is used to connect the photo detector 31 
and electric wire 32. 

In this example, a marker detection area 24 prepared by 
eliminating the light absorption layer 19 is formed at the right 
and left of the right reception surface of the photo detector 31, 
and at the same time, a pair of markers 23 for a V-groove 
substrate 37 are formed so that substrate 37 can be positioned in 
each area of marker detection area 24 when the locations of photo 
detectors 31 are determined. 

With this configuration, the locations of the photo detector 
31 and V-groove substrate 37 can be highly precisely measured, 
thereby allowing highly accurate positioning of both devices. 
Later, flat end optical fiber 38 are fixed to the V-groove. 
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In this example, positioning error at the time of mounting 
each element and of fixing an optical fiber can be minimized to 
within ±1 fum, and light bonding loss between the semiconductor 
laser 41 and monitoring end surface incidence type photo detector 
31 was 2 - 3 dB. Also, the monitoring current at the time of 1 
mW of external output becomes excellent (400 //A) . 
[Operational example 4] 

Figure 9 is a diagram showing the configuration of one 
operational example of packaged light signal reception module 
containing the end surface incidence type photo detector of the 
invention . 

In this example, an end surface type photo detector 55 of 
the invention is mounted onto a V-groove substrate 54 using a 
passive alignment method. Furthermore, to improve the 
sensitivity, a signal reception pre-amp IC 56 was mounted onto 
the V-groove substrate 54. Then, an optical fiber 52 for signal 
light incidence was added, fixed to a ceramic base 53, and closed 
using a cap 51. 

The prepared optical module in this example was evaluated 
for its transmission capacity. As a result, with a burst 
transmission (signal frequency = 1.3 //m, transmission speed = 50 
Mb/s), the minimum light reception sensitivity was excellent (-38 
dBm) at 10" 8 error ratio. 
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Also, the ceramic base 53 and cap 51 may be replaced with a 
resin materials or resin transfer mold. Furthermore, the signal 
transmission and reception optical module containing the photo 
detector of the invention may be prepared as a package. 
[Operational example 5] 

Figure 10 is a diagram showing the configuration of one 711 
operational example of a light transmission device containing the 
end surface incidence type photo detector of the invention. 

In this example, a light signal reception module 64 
containing an end surface type photo detector of the invention 
and a signal incidence optical fiber 63, signal reception IC 61, 
and other electronic parts were mounted on a board 62 . 

The prepared light transmission device in this example was 
evaluated for its transmission capacity. As a result, with a 
burst transmission (signal frequency = 1.3 Aon, transmission speed 
= 50 Mb/s), the minimum light reception sensitivity was excellent 
(-38 dBm) at 10" 8 error ratio. 

Also, the light signal reception module may be replaced with 
an optical signal transmission module or optical signal 
transmission/reception module consisting of integrated end 
surface type photo detectors of the invention. 
Possible Industrial Application 

With this invention, an end surface type photo detector can 
be highly accurately positioned on an optical device, allowing 
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easy and high optical bonding without using an optical lens. 
Therefore, by utilizing the end surface type photo detector, a 
low cost optical module and optical transmission device can be 
produced without requiring complex procedures. 



[Figure 2] 

Key: a) Luininance; b) Measured wave; c) Ideal wave; d) 
Measurement location . 

[Figure 3] 

Key: a) Luminance; b) Measurement error range when image noise 
5%; c) Measurement location. 
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